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Objectives: To develop a scoring tool based on clinical and radiological ﬁndings for early diagnosis and
intervention in hemodynamically stable patients with traumatic bowel and mesenteric injury (TBMI)
without obvious solid organ injury (SOI).
Methods: A retrospective analysis was conducted for all traumatic abdominal injury patients in Qatar
from 2008 to 2011. Data included demographics and clinical, radiological and operative ﬁndings.
Multivariate logistic regression was performed to analyze the predictors for the need of therapeutic
laparotomy.
Results: A total of 105 patients met the inclusion criteria with a mean age of 33  15. Motor Vehicle
Crashes (58%) and fall (21%) were the major MOI. Using Receiver operating characteristic curve, Z-score of
>9 was the cutoff point (AUC ¼ 0.98) for high probability of the presence of TBMI requiring surgical
intervention. Z-Score >9 was found to have sensitivity (96.7%), speciﬁcity (97.4%), PPV (93.5%) and NPV
(98.7%). Multivariate regression analysis found Z-score (>9) to be an independent predictor for the need
of exploratory laparotomy (OR7.0; 95% CI: 2.46e19.78, p ¼ 0.001).
Conclusion: This novel tool for early diagnosis of TBMI is found to be simple and helpful in selecting
stable patients with free intra-abdominal ﬂuid without SOI for exploratory Laparotomy. However, further
prospective studies are warranted.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
In 1899, Geill reported an 11% incidence of bowel injury among
patients sustainingblunt abdominal injury. This number is consistent
with the reported rates in other series (5e15%), making the intestine
the third most commonly injured organ in blunt abdominal trauma
[1].Despiteof this fact, theoptimummanagementofpatientswhoare
hemodynamically stablewith free intra-abdominalﬂuid (FIAF) on CT
scan and without obvious solid organ injury (SOI) remains unclear.þ974 44394013.
TraumaResearch@hmc.org.qa
ciates Ltd. Published by Elsevier LtFurthermore, delay in the diagnosis of bowel injuries is associated
with signiﬁcant morbidities and mortalities [2e5].
In hemodynamically stable patientswhohad (FIAF) on abdominal
CT scan with SOI, a non-operative approach is usually considered.
However, the management of patients with detectable FIAF without
an obvious SOI is a challenging task for surgeons [4,6,7]. Although,
there is contemporary advancement in imaging modalities with
multi-detector computed tomography (MDCT), the diagnosis and
interpretation of such injuries remains difﬁcult or delayed [8,9].
Despite the fact thatmany studies found computed tomography (CT)
to be highly accurate and speciﬁc for diagnosing mesenteric and
hollow viscus injury, others studies believe CT to be unreliable [10].
There are subtle ﬁndings such as FIAF, focal ﬂuid-ﬁlled thick-walled
bowel loops, and mesenteric inﬁltrations which are suggestive ofd. All rights reserved.
Table 1
Practical scoring criteria for the early diagnosis of bowel injury.a
Criteria Z-score points
A-Clinical
Abdominal pain/tendernessb:
Not present/not applicable (0) 0
Mild (1e3) 1
Moderate (4e6) 2
Severe (7e10) 3
External abdominal marks
Not present 0
Lateral 1
Anterior 2
Anterolateral 3
B-Radiological ﬁndings by CT scan:
Free ﬂuid:
No free ﬂuid 0
One quadrant 1
Two quadrants 2
Three quadrants 3
Four quadrants 4
Signs of bowel injury; if more than one, choose the highest one
No signs of bowel injury 0
Fat stranding (NOS) 1
Mesenteric thickening/inﬁltration/hematoma 2
Bowel wall thickening/bowel-wall enhancement 3
Mesenteric blush/extravasation 4
Z-score range 0e14
a Patients with solid organ injury, free intraperitoneal air, extra-luminal contrast
leak, bowel transection by CT scan and/or hemodynamically unstable are excluded
from this criteria.
b Pain is scored according to visual analogue scale (VAS) and numeric rating scale
(NRS) for assessment of pain intensity (0 ¼ No pain, 1e3 ¼ Mild pain nagging,
annoying, interfering little with Activities of Daily Living (ADLs), 4e6 ¼ Moderate
pain (interferes signiﬁcantly with ADLs), 7e10 ¼ Severe pain (disabling; unable to
perform ADLs), NOS ¼ not otherwise speciﬁed).
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intraperitoneal air dictates an immediate exploration [7,11]. Different
studies concluded that CTalone cannot beused as a screening tool for
hollow viscus injury and the decision to operate on hollow viscus
injury should be based on injury mechanism and clinical ﬁndings in
conjunctionwith radiological evidence [10,12].
Literature review revealed no solid answer to the exact man-
agement of hemodynamically stable patients with FIAF on
abdominal CT scan without signs of SOI. Though, immediate sur-
gical intervention is necessary for hemodynamically unstable pa-
tients with FIAF regardless of the solid organ status. However, the
current literature supports the need for a reliable tool which might
be useful for surgeons to make an objective decision for the man-
agement of hollow viscus injury on timely fashion [3,6,13,14]. We
aim to develop a novel scoring criteria for early diagnosis of trau-
matic bowel and mesenteric injury without obvious SOI in hemo-
dynamically stable patients based on a combination of clinical as
well as radiological ﬁndings with speciﬁc emphasis on high yield
signs and symptoms.
2. Methods
A retrospective analysis for all blunt traumatic abdominal injury
patients who were admitted to the only tertiary trauma center at
Hamad General Hospital (HGH) in Qatar was conducted between
January 2008 and January 2011. Data were extracted from HGH
trauma registry. This trauma registry has been established late in
2008. Data included demographics, mechanism of injury, hemody-
namic stability in terms of vital signs, ﬁndings on physical exami-
nation (abdominal pain/tenderness and external abdominalmarks),
and CT ﬁndings such as amount of FIAF, and operative ﬁndings. In-
clusion criteria included all stable patients sustained blunt abdom-
inal trauma that required abdominal CT scan for evaluation in the
initial assessment and found to have free intraperitoneal ﬂuid.
Exclusion criteria included patients with solid organ injury, free
intraperitoneal air, extra-luminal contrast leak, bowel transectionby
CT scan and/or hemodynamically unstable, penetrating injury and
CT ﬁndings suspicious for ovarian pathological ﬁndings.
2.1. Deﬁnitions
The novel scoring system, arbitrary called (Z-Score) was calcu-
lated for all patients to determine the cutoff score that was asso-
ciated with high probability of positive therapeutic laparotomy. The
score was graded as shown in Table 1; the minimum andmaximum
scores were 0 and 14, respectively. The scoring criteria included
abdominal pain/tenderness (0e3), external abdominal signs (0e3),
abdominal CT scan FIAF (0e4) and CT scan signs of bowel/mesen-
teric injury (0e4). The diagnostic weight of each category and its
grade was based on their clinical implications in the previous
studies [8,15e19].
Abdominal pain/tenderness was graded using visual analogue
scale (VAS) and numeric rating scale (NRS) for assessment of pain
intensity (0: no pain, 1e3 mild pain, 4e6 moderate pain and 7e10
sever pain) and external abdominalmarks (contusions, abrasions or
lacerations) that were determined by physical examination based
on its location (lateral, anterior and anterio-lateral). CT scans were
performed on Siemens Medical Systems, 64-slice scanners using
120 mL of Omnipaque injected at 3 mL/s. CT Images were analyzed
by qualiﬁed radiologists.
FIAF-collections were graded according to the presence of ﬂuid
in different quadrants (one quadrant, two quadrants, three quad-
rants and four quadrants). Signs of bowel injury were fat stranding,
mesenteric thickening/inﬁltration, bowel wall thickening/
enhancement and mesenteric blush/extravasations.Fat stranding was deﬁned as an abnormal increased attenuation
in fat (in the mesentery, omentum, retroperitoneum, or subcu-
taneous fat).
Mesenteric fat stranding/inﬁltration/thickening were referred to
haziness and fat stranding in the mesentery which might indicates
mesenteric injury with or without bowel wall injury. Bowel wall
thickening referred to disproportionate thickening compared with
normal segments or bowel-wall thickness greater than 3 mmwith
adequate bowel distention is considered abnormal.
Bowel wall enhancement although is not uniform, referred to
enhancement greater than that of the psoas muscle, or enhance-
ment equal to that of adjacent blood vessels.
Mesenteric Extravasation/blush referred to an active contrast
medium extravasation from mesenteric vessels associated with
contrast enhanced abdominal CT scan.
Laparotomy was deﬁned as therapeutic, if measures were taken
to repair or resect the bowel and/or the mesentery, or to control
active hemorrhage from the bowel or mesentery.
Patients who underwent a non-operative course of manage-
ment were admitted for observation and associated injuries were
treated according to their usual standards of care.
Successful observation was deﬁned as a patient who did not
require exploratory laparotomy or laparoscopy during the hospital
admission, or who did not re-present to the hospital after
discharge. All decisions to proceed with laparotomy were made
according to the discretion of the attending trauma surgeon.
This study was approved by the Medical Research Center (IRB#
10076/10) at Hamad Medical Corporation, Doha, Qatar.2.2. Statistical analysis
Data were presented as mean  standard deviation (SD) or total
(percentage) as appropriate. Baseline demographic characteristics,
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between patients having high vs low Z-score (according to the
predetermined cutoff) using the Student t-test for continuous var-
iables and Pearson chi-square (c2) test for categorical variables.
Receiver operating characteristic (ROC) curve was used to deter-
mine a cutoff value for Z-Score. Sensitivity, speciﬁcity, positive
predictive value (PPV) and negative predictive value (NPV) were
calculated for the cutoff point. Odds ratio (OR), 95% conﬁdence
interval (CI), and corresponding P values were analyzed by logistic
regression analysis to analyze the predictors for need of therapeutic
laparotomy. A signiﬁcant difference was considered when the 2-
tailed P value was less than 0.05. Side-by-side Box plots were
used for the correlation between surgical laparotomy and Injury
Severity Score (ISS) and Z-score respectively. Data analysis was
carried out using the statistical Package for Social Sciences version
19 (SPSS Inc. USA).3. Results
Over a period of three years (2008e2011), a total of 790 patients
were admitted with traumatic abdominal injury, of them 105 were
eligible for the study. The mean age of the cohort was 33 15 years
and the majority (92%) of themwere males (Table 2). Motor Vehicle
Crashes (MVCs) (58%) and fall from heights (FFHs) (21%) were the
major causes of injury.
The operative ﬁndings of patients who underwent operative
intervention were
- Five patients had bowel perforation either small bowel, large
bowel or both.
- Six patients had bowel perforation plus signiﬁcant segmental
mesenteric devascularizationTable 2
demographics and clinical presentation based on Z-score.
Overall
(N ¼ 105)
Z-score  9
(N ¼ 74)
Z-score >9
(N ¼ 31)
P value
Age, Mean (SD) yrs 33  15 32  11 36  14 0.13
Male (%) 97 (92) 68 (92) 29 (94) 0.77
Mechanism of injury (%) 0.18 for all
MVCs 61 (58) 39 (53) 22 (71)
Fall 22 (21) 17 (23) 5 (16)
Pedestrians 13 (12) 12 (16) 1 (3)
Others 9 (9) 6 (8) 3 (10)
Abdominal pain/
tenderness (%)
0.001 for all
0 24 (23) 24 (32) 0 (0)
1 16 (15) 13 (17.6) 3 (9.7)
2 54 (51) 36 (48.6) 18 (58)
3 11 (11) 1 (1.4) 7 (32.3)
External abdominal
signs (EAS) (%)
0.001 for all
No sings 78 (74) 64 (86.5) 14 (45.2)
Lateral 17 (16) 8 (10.8) 9 (29)
Anterior 2 (2) 1 (1.4) 1 (3.2)
Antero-lateral 8 (8) 1.4 (1) 22.6 (7)
Free ﬂuid% 0.001 for all
One quadrant (Q1) 71 (67) 69 (93.2) 2 (6.5)
Two quadrants (Q2) 19 (18) 3 (4.1) 16 (15.6)
Three quadrants (Q3) 9 (8) 2(2.6) 7 (22.6)
Four quadrants (Q4) 7 (7) 0 (0) 7 (22.6)
Pelvic injury (%) 27 (26) 22 (29.7) 5 (16.1) 0.14
Spine injury (%) 31 (30) 27 (36.5) 4 (12.9) 0.02
Rib fractures (%) 16 (15) 14 (18.9) 2 (6.5) 0.10
Head injury (%) 16 (15) 16 (21.6) 0 (0) 0.005
Injury severity score (SD) 15  11 16  13 13  6 0.07- Eleven patients had signiﬁcant segmental mesenteric devascu-
larization without perforation which mandate bowel resection
and anastomosis.
- Eight patients had mesenteric injury which did not require
bowel resection and anastomosis (4 patients with through and
through vertical mesenteric defect, 2 patients with minor
mesenteric tear (non-therapeutic laparotomy) and 2 patients
with mesenteric injury plus active bleeding with mesenteric
hematoma which required ligation of the bleeders and mesen-
teric defect repair).
The mean ISS was 15 11 and the median Z-score was 6 (2e18).
Using Area Under the Curve (AUC), Z-score of >9 was the cutoff
point (AUC ¼ 0.98) for high probability of the presence of bowel
injury requiring surgical intervention (Fig. 1).
Though, MVCs (71% vs. 53%) were more common in patients
with Z-score <9, the overall mechanism of injury was comparable
among the two groups (P ¼ 0.18). Presence of abdominal pain/
tenderness was signiﬁcantly higher in patients with Z-score >9
(P ¼ 0.001) and none of patients with Z-score >9 was free of
abdominal pain/tenderness (Table 2). Similarly, the presence of
external abdominal signs (p ¼ 0.001) and presence of FIAF by
abdominal CT scan (p ¼ 0.001) were signiﬁcantly higher in patients
with Z-score >9. All patients with Z-score >9 had a therapeutic
laparotomy. However, one patient required surgical exploration in
spite of having Z-score 9. The incidence of head (P ¼ 0.005) and
spinal (P ¼ 0.02) injuries were more frequent in patients with Z-
score 9 (Table 2).
Table 3 shows surgical intervention, abdominal ﬁndings, and
outcome. The intra-operative ﬁndings such as bowel (perforation,
devascularization and thickening), mesenteric (tear, thickening,
blush and vascular injury), serosal tear, and fat stranding were
signiﬁcantly higher in patients with Z-score >9, P ¼ 0.001 for each
(Fig. 2). Z-Score was found to be highly sensitive (96.7%) and spe-
ciﬁc (97.4%) for presence of bowel and mesenteric injuries (Fig. 1).
The positive predictive value was 93.5 and the negative predictive
value was 98.7%. Table 4 shows the demographics, clinicalFig. 1. Receiver operating characteristic (ROC) curve: Z-score cutoff point: value >9,
AUC ¼ 0.98, Sensitivity: 96.7% Speciﬁcity: 97.4% NPP: 98.7 PPV: 93.5.
Table 3
Surgical intervention, operative ﬁndings, and outcome.
Overall
(N ¼ 105)
Z-score  9
(N ¼ 74)
Z-score >9
(N ¼ 31)
P value
Exploratory laparatomy (% ) 30 (29) 1 (1.4) 29 (93.5) 0.001
Bowel perforation (%) 11 (10.5) 0 (0) 11 (35.5) 0.001
Bowel devascularization (%) 17 (16) 0 (0) 17 (54.8) 0.001
Serosal tear (%) 23 (22) 1 (1.4) 22 (71) 0.001
Mesenteric injury (%) 29 (28) 1 (1.4) 28 (90.3) 0.001
Vascular injury (%) 7 (7) 0 (0) 7 (22.6) 0.001
Small bowel injury (%) 14 (13.3) 0 (0) 14 (45.6) 0.001
Large bowel injury (%) 9 (8.6) 0 (0) 9 (29) 0.001
Fat stranding (%) 30 (29) 12 (16.2) 18 (58.1) 0.001
Mesenteric thickening (%) 6 (6) 0 (0) 6 (19.4) 0.001
Bowel thickening (%) 22 (21) 7 (9.5) 15 (48.4) 0.001
Mesenteric blush (%) 6 (6) 0 (0) 6 (19.4) 0.001
Mortality (%) 4 (3.8) 4 (5.4) 0 (0%) 0.18
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intervention.
Side-by-side Box plots show that Z-score has a correlation with
the need for surgical laparotomy, whereas ISS lacked such corre-
lation (Fig. 3). Using Pearson correlation analysis, ISS showed
negative correlation with the Z-score (r ¼ 0.32, P ¼ 0.001). There
were four deaths among patients with Z-score 9 and all were due
to head injuries.
Multivariate regression analysis after adjusting for age and ISS
showed that Z-score (>9) to be an independent predictor for the
need of abdominal exploration and therapeutic laparotomy (OR 7.0;
95% CI: 2.46e19.78, P ¼ 0.001).4. Discussion
Blunt traumatic bowel and mesenteric injuries, even though
uncommon are associated with high morbidity and mortalityFig. 2. Examples of clinical and radiologica[2,13,20]. Therefore, there is a substantial need for a simple prac-
tical algorithm without complicated mathematical calculations as
the trauma surgeon needs a rapid and reliable tool to make a de-
cision in the acute settings. The present study describes a novel
practical scoring tool for early diagnosis of blunt traumatic bowel
and mesenteric injury in hemodynamically stable patients. This
scoring tool is based on combination of bedside clinical (pain/
tenderness and external abdominal signs) and CT scan ﬁndings
(FIAF and others). We came up with these criteria after extensive
search in the literature for the most relevant signs and symptoms
linked to bowel and mesenteric injury [8,15e19]. Our study reports
that Z-score of >9 has high sensitivity, speciﬁcity, PPV and NPV for
the presence of bowel injury that required exploratory laparotomy.
Furthermore, logistic regression analysis conﬁrms this ﬁnding as Z-
score >9 was found to be an independent predictor for the need of
surgical intervention. High ISS was not correlated with the need for
laparotomy, whereas Z-score did. However, this scoring system
needs further evaluation in prospective studies and to take in
consideration the validity of each criterion alone and in combina-
tion.We aimed to have the 4-criteria score to reduce the probability
of missing bowel injury. This novel tool may pave the way for
further studies to adopt and validate the current scoring tool
conﬁdently in the clinical practice.
In this report, small bowel was the most frequently injured or-
gan. Among 30 patients who required exploratory laparotomy 43%
had small bowel injury and 30% had colonic injury. The manage-
ment of traumatic bowel and mesenteric injury has considerably
improved over the last few decades. The variation in the time
duration before embarking on surgical exploration showed difﬁ-
culty in reaching the appropriate diagnosis in some cases [2,3,21].
The majority of cases of traumatic bowel injury described in
different series, showed early diagnosis and surgical treatment
were performed within the ﬁrst 6 h after injury in 60% of cases.
However, it has been reported that in 10% of patients the diagnosisl ﬁndings included in Z-score criteria.
Table 4
Comparison between the non-operative and operative groups.
Non-operative
(75 pts)
Operative
(30 pts)
P value
Age mean 32  11 37  15 0.10
Male% 92 93 0.86
MVC% 52 73 0.12 for all
Fall % 16 3.3
Pedestrians 24 13
Pelvic fracture% 29 17 0.18
Rib fractures% 19 7 0.12
Head injury% 21 0 0.006
ISS mean 16  13 13  6 0.25
Z-score mean  SD 5.2  2.4 11.5  2 0.001
Mortality % 5.3 0 0.19
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mortality rate (up to 50%) [2,13]. The delayed diagnosis in blunt
traumatic bowel injury has been observed in several studies which
might account for the increased rate of morbidity and mortality
[20,22]. In the present study, postoperative complications occurred
in 13% of cases (three had surgical site infection and one had
anastomotic leak), which is in agreement with earlier series [2,23].Fig. 3. Side-by-side Box plots for correlation between exploratory laparotomy and Z-
score and ISS, respectively.Also, the rate of mortality was 4%, which correlates with the current
literature [2]. All themortality was related to associated head injury
that happened in patients with low Z-score.
Parameters that might be responsible for worse prognosis in
patients with traumatic bowel injuries could be the Injury Severity
Score (ISS), American Society of Anesthesiologists (ASA) score,
affected organ, or time to surgery [2]. Most of these factors depend
mainly on the magnitude of injury and patients characteristics.
However, a timely diagnosis and early intervention with control of
the septic process might substantially improve the outcome
[2,13,14]. After adjusting for the potential confounders in our study,
Z-score of >9 was associated with a 7-fold increase in the necessity
of abdominal exploration and therapeutic laparotomy. Therefore,
we do believe that Z-score could be used as a potential tool for early
diagnosis of blunt bowel injury in hemodynamically stable patient
without solid organ injuries which may facilitate timely surgical
interventions.
The diagnostic weight of each criterion in our novel practical
scoring tool was based on its proven clinical implication in the
literature. CT scan ﬁnding of FIAF without SOI in hemodynamically
stable patient presents a challenge [24]. It may represent concealed
solid organ injury, bleeding from the mesentery not necessarily
requiring operative intervention, transudation of intraperitoneal
and retroperitoneal ﬂuid [15,25,26].
Earlier data showed seat belt ecchymosis and pelvic fracture to
be associated with bowel injury [27,28]. Although, others found CT
ﬁndings to be unreliable for assessing injury severity, they recom-
mended mandatory laparotomy for patients with isolated free ﬂuid
on CT scan [11,25].
Brasel et al. [29] suggested that the presence of more than trace
amounts of FIAF without SOI in patients with blunt trauma is a
strong indication for celiotomy. For alert patients, follow-up with
serial physical examinations was suggested to be the “best”method
of detecting serious intra-abdominal injury.
Some authors have tried to identify patients at risk for serious
intra-abdominal injury [21,28,30]. In one study, presence of “seat
belt sign”, or ecchymosis corresponding to the location of passen-
ger restraint device, has been associated with severe injury which
requires laparotomy [7]. Chandler et al. [27] reviewed 117 blunt
trauma patients and found that 5 of 14 (36%) patients with the seat
belt sign had intra-abdominal injuries requiring a therapeutic
laparotomy. Whereas, only 3% of patients without seat belt sign
required therapeutic laparotomy. However, the multicenter study
by Livingston et al. [7] demonstrated no such relationship for the
presence of seat belt sign and injury requiring treatment. This study
also showed that only 8% of patients who had FIAF without a SOI
seen on CT scan suffered from bowel injury and the investigators
concluded that there was no signiﬁcant correlation was observed
between the bowel injury and presence of FIAF in more than one
quadrant.
Lastly, as bowel injuries are challenging to diagnose either on
radiological or on clinical ﬁndings, there is a need for development
of new diagnostic criteria based on clinical as well as radiological
ﬁndings [9,12,15,26,31,32]. We do believe that this new scoring
system may assist surgeons for stratifying abdominal injury pa-
tients for more precise decision for early surgical intervention. This
eventually leads to more objective decision making, and decrease
the likelihood of delayed intervention and/or negative or non-
therapeutic laparotomy.
4.1. Limitations
The retrospective nature of this study is one limitation in
addition to the relatively small sample size. We did not include all
the CT ﬁndings particularly the ﬁndings with deﬁnite indication of
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contrast material, and extraluminal air. Beading and termination of
mesenteric vessels were not included in CT ﬁndings in our study as
they were not reported by our radiologists.
In conclusion, this novel practical scoring criteria for early
diagnosis of bowel and mesenteric injury is found to be simple and
helpful for selecting hemodynamically stable patients with FIAF
without SOI on abdominal CT scan and with Z-score >9 for
exploratory laparotomy. However, further prospective studies are
warranted to support our hypothesis and to generate an algorithm
based on the Z-score in the next few years which can categorize this
group of patients into different probabilities, low, moderate and
high probability for bowel and mesenteric injury.
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